Nanocrystalline Y 2 O 3 is synthesized by solution combustion technique using urea and glycine as fuels. X-ray diffraction (XRD) pattern of as prepared sample shows amorphous nature while annealed samples show cubic nature. The average crystallite size is calculated using Scherrer's formula and is found to be in the range 14-30 nm for samples synthesized using urea and 15-20 nm for samples synthesized using glycine respectively. Field emission scanning electron microscopy (FE-SEM) image of 1173 K annealed Y 2 O 3 samples show well separated spherical shape particles and the average particle size is found to be in the range 28-35 nm. . The samples prepared by using urea show a prominent and well resolved peak at~383 K and a weak one at~570 K. It is also found that TL glow peak intensity (I m1 ) at~383 K increases with increase in γ-dose up to~6.0 kGy and then decreases with increase in dose. However, glycine used Y 2 O 3 shows a prominent TL glow with peaks at 396 K and 590 K. Among the fuels, urea used Y 2 O 3 shows simple and well resolved TL glows. This might be due to fuel and hence particle size effect. The kinetic parameters are calculated by Chen's glow curve peak shape method and results are discussed in detail.
Introduction
Nanoparticles (NPs) are great scientific interest because they act as a bridge between bulk materials and atomic or molecular structures. A bulk material exhibits a steady state of physical properties regardless of its size. But, at the nanoscale, this is often not the case due to quantum confinement and/or high surface to volume ratio. High surface to volume ratio reduces the melting temperature of NPs. The properties of NPs can be modified by engineering their size, morphology and composition. It has been shown that various properties such as electrical, mechanical, optical, magnetic, etc. are highly influenced by the fine grained structure with improved properties. Quantum confinement of electrical carriers within NPs plays a vital role in transfer of energy and charge over nanoscale [1] . The materials on such scale have attracted many researchers in various fields of material science, biological science, etc. [2, 3] . Currently the importance of nanomaterials in the field of luminescence has been increased. They have potential application such as display materials, tricolor lamps, solar energy converters, sensors, optical amplifier and thermoluminescent dosimeters [2] [3] [4] .
Numerous techniques such as sol gel [5] , co-precipitation [6] , solid state reaction [7] , hydrothermal [8] and solution combustion [9] [10] [11] have been reported for synthesis of nanomaterials. Among these, solution combustion method has greater advantages since it produces crystalline materials at low temperature with high surface to volume ratio. In addition, it has other advantages like high purity, homogeneity, control over stoichiometry and substitution of desired amount of dopants. It has been reported that, the luminescence properties of the as-formed nanoparticles are dependent on the nature of the fuel used in combustion method as it controls the particle size and morphology of the combustion products [12] .
Mukherjee et al., studied the morphology and luminescence properties of combustion synthesized Y 2 O 3 :(Eu,Dy,Tb) nanoparticles using various fuels namely, glycine, phenyl alanine, arginine, glutamic and aspartic acids. They observed that glycine and arginine based nanoparticles exhibit smooth surface and improved luminescence properties when compared to those prepared using other amino acids (fuels) [12] . Ramakrishna et al. reported the effect of different fuels viz diformyl hydrazine (DFH), sugar and urea on structural, photo and thermoluminescence properties of combustion synthesized Y 2 SiO 5 nanopowders. SEM micrographs of DFH fuel used sample showed almost spherical shape with agglomerated particles. The TL intensity is found to be higher in DFH used samples when compared to sugar and urea used samples under UV and gamma irradiation. They concluded that DFH used Y 2 SiO 5 indicates better dosimetric properties [13] . However, efforts are still being made for improving the TL dosimetric properties by using different fuels. TL technique has attracted many researchers from all over the world since this technique is simple and finds wide applications in various fields such as radiation therapy, space research, geology, archeology and other related areas [14] [15] [16] . Yttrium oxide (yttria) finds potential application because of its high corrosion resistivity and thermal stability. Y 2 O 3 possess high refractory properties, high melting point (~2723 K) and a high thermal conductivity (33 W m
). It is a suitable material for photonic waveguide due to its high band gap (5.72 eV) with a very high refractive index (~2) and in a wide transmission range (280-8000 nm) which is well suited for waveguide applications, dosimeter and good host for display materials [5] . In the present work, Y 2 O 3 nanopowders are synthesized by solution combustion technique using urea and glycine as fuels. The obtained nanopowders are characterized using X-ray diffraction (XRD), Field emission scanning electron microscopy (FE-SEM), Fourier transform infrared (FTIR) spectroscopy and Raman spectroscopy. In addition gamma irradiated PL and TL properties of as prepared and annealed Y 2 O 3 samples are reported. The TL trapping parameters are calculated by using glow curve shape method. with 99.5% purity and glycine (C 2 H 5 NO 2 ) with 99.7% are procured from Merck specialties private limited. All the chemicals are directly used without any purification. The stoichiometric amounts of yttrium nitrate hexahydrate and urea/glycine are dissolved in a 50 ml of double distilled water in a cylindrical pyrex dish of approximately 600 ml capacity. The homogeneous mixture is introduced into a muffle furnace maintained at 773 ± 5 K. Initially, the solution boils and undergoes dehydration followed by decomposition with evaporation of a large amount of gases leaving behind the powder. The final product is voluminous and whitish [11] . The stoichiometric balanced equations are as follows; 
Material and methods

Preparation of nanocrystalline
YN : Urea 2Y NO 3 ð Þ 3 þ 5 NH 2 ð Þ 2 CO→Y 2 O 3 þ 5CO 2 þ 10H 2 O þ 8N 2 23:0 moles of gases=mol of Y 2 O 3 YN : Glycine 6Y NO 3 ð Þ 3 þ 10C 2 H 5 NO 2 →3Y 2 O 3 þ 20CO 2 þ 25H 2 O þ 14N
Characterization
As prepared and annealed samples of Y 2 O 3 nanoparticles are characterized by X-ray diffraction (XRD), Bruker D8, using Cu-K α radiation of wavelength 1.5406 Å. The morphology of the synthesized samples is coated with gold and then studied by field emission scanning electron microscopy (FE-SEM) [ [17, 18] . It is observed that, the enhancement of crystallinity with increasing annealing temperature i.e. the intensity of the diffraction peaks increases and is become sharper. The crystallite size 'D' of the sample is calculated using Scherrer's Eq. (1),
where, 'D' is the crystallite size, 'λ' is the wavelength of X-rays (1.5406 Å), 'β' is the full width at half maxima (FWHM) and 'θ' is the Bragg angle. The average crystallite size is found to be in the range [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] during combustion [19] . The lattice strain and crystallite size are estimated using Williamson-Hall (W-H) equation [20] ,
where, 'ε' is the lattice strain. The average crystallites size is found to increase with increase in annealing temperature. 773 K annealed U:Y 2 O 3 samples show negative strain due to lattice shrinkage [21] , whereas 873, 973, 1073 and 1173 K annealed samples show positive lattice strain due to tensile strain [22] . It is found that the crystallite size increases while the lattice strain decreases with increase of annealing temperature and is given in Table 1 . Variation of crystallite size and the lattice strain with annealing temperature is shown in Fig. 3 . It is observed that, the lattice strain increases up to 873 K and then decreases with further increase of annealing temperature for U:Y 2 O 3 samples. The XRD structural parameters namely lattice constant (a), lattice volume (V), inter-planer space (d), density (ρ), dislocation density (δ) and lattice strain (ε) are calculated using the following formulae [22] ,
where, 'M' is the molecular mass, 'N' is the Avogadro's number. The density, dislocation density and lattice strain are calculated and tabulated in Table 1 . It shows that the density and dislocation density of the samples decreases with increase of annealing temperature due to enhancement of crystallite size and lattice constant while the inter planer spacing increases with increasing annealing temperature for U:Y 2 O 3 and G:Y 2 O 3 samples respectively.
FE-SEM micrograph analysis
FE-SEM is an important tool for studying the topography and surface morphology of the synthesized nanopowders. It is well known that, combustion synthesized product is highly influenced by fuel to metalligand complex formation. Depending on the nature of fuel, fuel to oxidizer ratio, the nature of combustion that differs from flaming to nonflaming reactions involves liberation of enormous amount of gases. The pores and voids can be attributed to the large amount of gases escaping out of the reaction mixture during combustion. Fig. 4(a) shows the FE-SEM image of 1173 K annealed U:Y 2 O 3 and it is observed that the particles are loosely agglomerated with spherical in nature and voids due to the evolution of large amount of gases during combustion process. And, the average particle size is found to be~35 nm. Fig. 4(b) shows the FE-SEM image of 1173 K annealed G:Y 2 O 3 and it is observed that the particles are agglomerated with spherical shape and the average particle size is found to be 28 nm [12, 13] . In the present work, a large number of moles of gas are liberated in combustion process with urea when compared to glycine [19, 23] . This indicates that, particles are loosely agglomerated as observed in U:Y 2 O 3 due to greater amount of gases escaping during combustion reaction.
The composition of the sample is estimated through energy dispersive X-ray spectroscopy (EDS) technique. It is proved to be a powerful tool to obtain the elemental composition ratio [24] as shown in [25, 26] . These absorption peaks indicate the presence of carbonate groups. FTIR spectra are recorded using KBr pellet technique. KBr is mixed with the samples to make a very thin pellet and the pellet absorbs CO 2 present in the atmosphere. Hence, FTIR spectra exhibit C-O and related bonds. These results are well reported [5, 27] . The peaks at the 2857 and 2929 cm −1 are attributed to the O-H bond and 3480 cm − 1 broad peak indicates that stretching mode of O-H from the moisture is present on the surface of the powder [27] . When the annealing temperature increases, the peak intensity of O-H band gradually decreases and other peak intensities also decrease except 566 cm [25, 26] . Raman spectroscopy is a very sensitive technique and it provides vibration of molecules within the scattering volume. The representation of optical modes in cubic Y 2 O 3 is given [28] as
FTIR and Raman spectra analysis
where 4A g , 4E g and 14F g are Raman active, 16F u is IR active and 5A zu and 5E u are inactive modes. Thus, there are twenty two Raman active Table 2 . Fig. 6 shows that U:Y 2 O 3 has high scattering intensity compared to G:Y 2 O 3 , it might be due to effect of crystallite size [30] .
Electron spin resonance
Electron spin resonance (ESR) is a convenient technique to study the extrinsic and intrinsic defects in samples. Fig. 7 shows 
UV-visible spectra
UV-Vis spectra of Y 2 O 3 nanoparticles prepared by urea and glycine are shown in Fig. 8(a) . Two absorption peaks one at~252 nm and other at~295 nm are recorded. The~252 nm absorption is attributed to band gap of Y 2 O 3 [3] and 295 nm absorption is attributed to surface traps/defect states. The optical band gap energy (E g ) is estimated using Wood and Tauc relation [34] i.e., (αhν) = K (hν − E g ) 1/n , where 'hν' is the photon energy, 'α' is the optical absorption coefficient, 'K' is constant and 'n' is dependent on the optical transition with an assigned value of 2 and 1/2 for direct allowed and indirect allowed transitions respectively. Fig. 8(b [35, 29] . Fig. 9(b) shows the PL emission spectra of as prepared and annealed U:Y 2 O 3 , under 252 nm excitation. All the samples exhibit a broad emission band in the range 320-600 nm, with peaks at about 386, 440, 468, 486 and 538 nm. Bordun studied the influence of oxygen vacancies in the luminescence spectra of Y 2 O 3 [36] . He concluded that, the luminescence bands with peaks at 365 and 428 nm might be due to the presence of oxygen vacancies related to radiative recombination. Osipov and coworkers studied luminescence of pure yttria [37] . They reported cathodoluminescence with peaks in the range 435-510 nm and the emission is ascribed due to recombination of associative Y cates that the emission intensity of the as prepared sample is very low when compared to those annealed ones. Further, it is found that the emission intensity increases with increasing annealing temperature as can be seen from Fig. 9 (c) [38] . This might be due to increase in crystallite size. The growth of crystallite size reduces the non-radiative transition and also the vibration of -OH and C=O impurities, results in the increase of the PL emission intensities [39] . This might be due to higher concentration of defects that generates nonradiative states caused by high energy gamma photons with a higher dose rate in the forbidden gap [40] [41] [42] . The PL emission (386 nm) peak position shifts towards lower energy compared with the pristine yttria, this might be due to matrix disorder through the creation of defect levels in the irradiated samples results in modification of band gap [41] . 3.7. Thermoluminescence
Annealing effect
Annealing effect on TL properties of the Y 2 O 3 NPs is investigated for improving the luminescence properties of materials. Fig. 10(a) shows TL glow curves of as prepared and annealed U:Y 2 O 3 samples γ-rayed for a typical dose of 2.0 kGy. It shows the prominent TL glow with peak at 402 K. Intensity of this peak increases with increasing in annealing temperature and its glow peaks are shifted towards the lower temperature side and are shown in Fig. 10(b) . Thus, 1173 K is found to be the best annealing temperature for further investigation of TL properties of Y 2 O 3 . Sample annealed at 1173 K shows good TL sensitivity due to improved crystallinity and reduction in the content of impurities such as -OH and C=O groups [20, 43] . Similar results are reported by Mundpuzhakal et al., for CaF 2 . They reported that 600°C annealed sample shows good TL sensitivity and the shifting of peaks towards the low temperature region [44] .
TL glow curves of combustion synthesized, 1173 K annealed γ-rayed U:Y 2 O 3 and G:Y 2 O 3 samples are shown in Fig. 11(a) and (b) . Two TL glows a prominent one with peak at~383 K (T m1 ) and a weaker glow . These peaks are attributed to oxygen vacancies such as F and F + -centers by gamma irradiation. In our previous work, we reported TL properties of swift heavy ion (SHI) irradiated combustion synthesized Y 2 O 3 . A prominent and well resolved TL glow with peak at 403 K is observed along with a weak TL glow with peak at 461 K in all SHI irradiated samples [45] . In the present work, gamma irradiated U:Y 2 O 3 and G:Y 2 O 3 shows similar results and this is due to the fact that SHI and γ-rays induce same kinds of defects responsible for TL. Hari Krishna et al., reported TL response of UV irradiated Y 2 O 3 samples prepared by ethylene diamine tetra acetic acid (EDTA) and disodium ethylene diamine tetra acetic acid (Na 2 -EDTA) as fuels. EDTA based samples show a broad glow at 413 K while Na 2 -EDTA based samples show a broad glow at 428 K [23] . In present work, gamma irradiated U:Y 2 O 3 samples show well separated high intense low temperature glow peak (383 K) when compared to those results reported [12, 13] . Fig. 12 (a) and (b) shows variation of TL glow peak intensity (I m1 ) with γ-dose for U:Y 2 O 3 and G:Y 2 O 3 respectively. In U:Y 2 O 3 samples, it is found that TL intensity increases with increase in dose up to 6 kGy and there after it decreases with further increase in gamma (Fig. 10(a) ). And, it is also found that, TL intensity linearly increases from 0.1 to 2.0 kGy (f (D) = 0.98) [22] . While in G:Y 2 O 3 samples, (Fig. 12(b) ) TL intensity shows sublinearity. Linearity/sublinearity and even the decrease in TL intensity of yttria at higher doses can be explained by defect interaction model (DIM) [25, 46] . TL glow peak temperature values are steady in throughout the studied dose range. The increasing TL intensity with γ-doses, indicates that the electron and hole trap centers are more and hence the recombination events are increased with increase in γ-doses, which leads to increase in TL glow peak intensity [47] . The increase in TL intensity may be attributed to the creation of defect centers such as F and F + centers. Decrease in TL intensity with increase of γ-dose may be ascribed to the formation of complex defects [25, 46] . Also, explained by the defect interaction model [46] . According to this model, at low dose, recombination within the trapping center/luminescence center (TC/LC) dominates, which leads to a linear response. The TL signal is proportional to the number of recombination occurs within the trapping entity. Further in increasing gamma dose, the separation between adjacent TC/LC complexes is reduced. Therefore, effective recombination center is high resulting in more TL signal with further increasing dose the cluster of defects is formed, resulting in decreased TL signal [46] . In order to understand the nature of the traps formed in Y 2 O 3 under gamma irradiation, we have employed the analysis of trapping parameters. The evaluation of trapping parameters such as activation energy (E) of the traps involved in TL emission, order of kinetics (b), frequency factor (s) and trap density (n o ) of TL glows is one of the important aspects of TL studies. Any complete description of the TL characteristics of material requires the knowledge of these trapping parameters. Here, 'E' is the energy required for the release of the electron from the trap to reach its excited state and 's' is the rate of electron ejection. The order of kinetics 'b' is a measure of the probability that a free electron gets retrapped. This retrapping effect also depends on the availability of empty traps. The trapping parameters of TL glow curves are calculated using the glow curve shape method (modified by Chen's) [6, 14] . The equations involved in glow curve shape method are given [48] .
where μ g is symmetry factor. The temperatures T m , T 1 and T 2 , are, the glow peak temperature and temperature on the lower and upper sides corresponding to half the peak intensity. The activation energy (E) is calculated using the relation
where α = τ, δ, ω with τ = T m − T 1 , is the half width at the low temperature side of the peak; δ = T 2 − T m , is the half width towards the fall-off side of the glow peak and ω = T 2 − T 1 , is the total half width and ) and β is the linear heating rate (5 K s −1 in the present work).
And trap density (n o ) is calculated using the relation,
where ω = T 2 − T 1, β is the heating rate and μ g is symmetry factor. A typical result for a glow curve of U:Y 2 O 3 γ-rayed for 1.0 kGy is shown in Fig. 13(a) . Theoretically, symmetry (geometrical) factor (μ g ) is close to 0.42 for first order kinetics and 0.52 for second order kinetics and in between for general order [30] . From the values of the geometrical factor it is clear that the two glows obey the second order kinetics indicating the occurrence of retrapping phenomenon. Similarly, a typical dose of 3.0 kGy γ-ray irradiated G:Y 2 O 3 is deconvoluted due to overlapping of more than one glow peaks. The deconvolution of the TL glow curves in the present studies performed using computerized glow curve deconvolution (CGCD) method [49] . The deconvoluted TL glow curves are obtained for the best fit of theoretical curve with the experimental one. In the present work, theoretical fit matches with experimental data for five deconvoluted curves. The fitted TL glow curve for γ-ray irradiated G:Y 2 O 3 is shown in Fig. 13(b) . The glow curve of γ-ray irradiated G:Y 2 O 3 can be best described as a superposition of five glow peaks at 395, 432, 483, 552 and 602 K. It indicates that five different sets of traps are involved. All deconvoluted peaks are found to obey second order kinetics. The trapping parameters of U:Y 2 O 3 and G:Y 2 O 3 are tabulated in Table 3 . 3.7.2. Effect of heating rate on TL glow curves Fig. 14(a) shows the effect of heating rate on the TL glow curves of a 2.0 kGy γ-ray irradiated U:Y 2 O 3 NPs. The TL glow peak position (T m1 ) shifts towards the higher temperature side with increasing heating rate whereas the glow peak intensity decreases linearly. The variation is given in Fig. 14(b) . This may be attributed to thermal quenching of TL due to increase in heating rate [48] . And, the full width at half maximum (FWHM) is found to increase with heating rate. It is observed that, the activation energy and frequency factor corresponding to first (~383 K) and second TL glow peaks (~570 K) decrease with heating rate (see Table 4 ) and these may be attributed to the thermal quenching effect [50, 51] . It may also be noted that the TL glow peak temperature and intensity depend on various parameters such as the nature of the sample such as crystalline, semicrystalline, amorphous, the impurity content, heat treatment given to the sample prior to irradiation, the nature of the ionizing radiation, the amount of irradiation (dose), temperature at which the TL measurements are made, the time interval between the measurements, the environment condition of the sample during TL measurements, the type of detector and the heating rate [14, 50, 51] .
Fading
To study the effect of fading on TL glow curves of U:Y 2 O 3 and G:Y 2 O 3 , samples are exposed for a test dose of 6.0 kGy. Fig. 15 shows the plot of normalized TL intensity as a function of storage time after γ-irradiation [51] . It is found that there is 20% and 22% fading over a period of sixty days for U:Y 2 O 3 and G:Y 2 O 3 samples respectively. The fading is observed to be very high initially (~14% in decrease during first five days) and later the fading becomes slow. Further, the TL results of the present work are compared with reported TL dosimetric properties of CaSO 4 :Dy 3+ (TLD-900). TLD-900 exhibits glow peak at high temperature (~494 K) with a weak shoulder at 415 K [52, 53] . Y 2 O 3 exhibit a well resolved prominent TL glow peak at 383 K and weak one at 570 K. 383 K shows relatively high intensity, good stability and responds to γ-doses. Further, Y 2 O 3 shows the linearity in the γ-dose range 0.1-2.0 kGy where as CaSO 4 :Dy 3+ shows the linearity in the dose range 0.5-1.0 kGy [52] . However, a detailed investigation needs to be carried out on Y 2 O 3 for its suitability in radiation dosimetry.
Conclusions
Nanocrystalline Y 2 O 3 is synthesized by combustion technique using urea and glycine as fuels. The X-ray diffraction pattern confirms the cubic phase. The average crystallite size is found to be~29.42 nm. FTIR spectra confirmed the purity of the synthesized sample. The FE-SEM picture of annealed Y 2 O 3 shows well separated spherical shape particles with average particle size~35 nm. Raman spectra confirm the cubic bixbyite structure of Y 2 
